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Lckground of Invention 

Technical Field 

The present invention relates to spindle motors utilizing dynamic pressure 
bearings, and in particular to low-profile, small-diameter spindle motors for spin- 
driving recording disks of small outside diameter, such as 1-inch. 

Description of Related Art 

Owing to advances in telecommunications technology and to increases in data 
volume, attempts to load hard-disk and other recording-disk drives, which had been 
utilized in conventional personal computers, into ultra-miniature information devices 
such as portable information terminals have begun. 

Because the emphasis in these information devices is on compactness and 
lightness of weight, the dimension in the height direction that is allowed their 
recording-disk drives is being restricted to approximately 2 mm. Likewise, there has 
been a trend toward making the recording disks themselves diametrically smaller, and 
in recent years ultra-small-diameter hard disks one inch across have been put into 
practical use. Consequently, calls for miniaturizing and slimming-down, as well as for 
improving the rotational precision of, the drives that drive these recording-disks are 
increasingly on the rise. 

Furthermore, the trend toward lower-priced information devices utilizing these 
recording-disk drives has been pronounced, which has raised demands for reduced 
costs in the spindle motors for recording-disk drives all the more. 

Responding to such demands as noted above has led, as for example with the 
spindle motor disclosed in Japanese Pat. App. Pub. No. 2001 -1 39971 , to the 
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utilization of dynamic-pressure bearings, which provide bearing support by inducing 
dynamic pressure in a fluid such as oil, instead of the ball bearings that up till now 
had principally been used for supporting rotation of the rotor onto which the 
recording disks are fitted. In the Japanese Pat. App. Pub. No. 2001-139971 instance, 
herringbone-patterned, dynamic-pressure-generating grooves formed on the 
circumferential periphery of a flange-shaped plate provided on the shaft constitute a 
radial bearing section of the dynamic-pressure bearings set out in the conventional 
spindle motor disclosed. 

[0008] Meanwhile, herringbone-patterned, dynamic-pressure-generating grooves formed 
on both the upper and lower faces of the plate constitute a pair of thrust bearings 
therein. 

[0009] Dynamic-pressure bearings of this sort make non-contacting support of the rotor 
possible, by virtue of which high rotational precision with low vibration and noise is 
readily gained. Furthermore, in contrast to ball bearings, with which if high bearing 
rigidity is to be gained there is no choice but to employ large-diameter balls, with 
dynamic-pressure bearings, the more minute the gap in which fluid is retained, the 
higher their rigidity tends to be. This is a characteristic that is ideal for miniaturizing 
and slimming-down spindle motors. 

[001 0] Nevertheless, because only an extremely thin layer of fluid is present on the 

bearing surfaces of the minute gaps in dynamic-pressure bearings, they demand high 
precision in the dimensions and surface smoothness of the bearing-constituent 
components. This is because lack of precision in the components would lead to 
bearing surface contact, impairing the rotational precision. For this reason keeping 
fabrication costs down would be difficult, and responding to demands for reduced 
costs would not be an easy matter, if numerous dynamic-pressure-generating areas 
are, as with the conventional spindle motor noted earlier, to be formed. Likewise, the 
difficulty in securing regions such as the circumferential surface of the shaft to 
function as bearings (regions that contribute to generation of dynamic pressure)if the 
spindle motor is to be miniaturized and made low-profile leads to concern over the 
bearing rigidity being impaired. 

[001 1] Thus, improvement in rotational precision, together with reduction in 
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manufacturing cost, of a spindle motor applicable even to miniature, low-profile 
recording-disk drives has been desired. 

[0012] Further, because portable information terminals operate on batteries, lessening 
power consumption of recording-disk drives that are utilized by such devices is a 
must. 

Summary of Invention 

[001 3] An object of the present invention is to adapt a spindle motor utilizing dynamic- 
pressure bearings to miniature, low-profile recording-disk drives. 

[0014] Another object is the realization of improvement in rotational precision, together 
with manufacturing cost reduction, in a spindle motor utilizing dynamic-pressure 
bearings. 

A different object of the present invention is to effect a spindle motor of lesser 
electric power consumption. 

To realize these objects a spindle motor under the present invention supports 
radial and thrust loads with a single dynamic-pressure bearing. Specifically, a conical 
part is furnished on the shaft, and the lateral face of the conical part is rendered a 
surface of a dynamic-pressure bearing. In a conically shaped hollow provided in the 
sleeve part of the motor the conical part is nested, which puts the lateral face of the 
conical part and the inner peripheral face of the conically shaped hollow in 
confrontation across a micro-gap, wherein oil is filled into the gap. Only a single 
dynamic-pressure bearing is formed along the conical lateral face. 

Rendering the conical lateral face as the dynamic-pressure-bearing surface 
enables supporting loads with respect to both the radial and thrust directions by the 
one dynamic-pressure bearing. Likewise, the precision-working that dynamic- 
pressure surfaces require need be in one place only, which is advantageous in terms 
of lowering costs. Furthermore, miniaturizing and slimming-down the spindle motor 
are facilitated, compared to the situation in which the motor is built with both a radial 
bearing section and a thrust bearing section. 

Further, rendering the dynamic-pressure bearing as only one reduces losses due 
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to the oil's viscous resistance. This accordingly reduces failures during rotation and 
enables the amount of power that the motor consumes to be controlled. 

[0019] The dynamic-pressure generating grooves are preferably rendered in an 
unbalanced herringbone form, or as spiral grooves that impel the oil in a 
predetermined direction only. By thus rendering the groove geometry, pressure 
directed toward the bottom of the conical cavity is applied to the oil during rotation of 
the motor, raising the oil pressure near the bottom of the conical cavity and raising 
the bearing force in the thrust direction. 

[0020] Other than bearing force due to dynamic pressure and bearing force due to 

pressurized oil, a magnetic biasing means is employed as a bearing force along the 
thrust direction. The magnetic biasing means acts in a direction counter to the other 
two bearing forces to control over-lift and stabilize support along the thrust direction. 
Further, the conical form of the dynamic-pressure-bearing surface stabilizes the 
thrust-directed support, whereby the radial-directed bearing support is also 



■f* stabilized. 
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q [0021] The opening of the conical hole is closed over by a disk-shaped cover in the 

3 middle of which, meanwhile, a hole through which the shaft passes is opened. The 

Q 

g[j reverse face of the disk-shaped cover faces the basal surface of the conical part, and 

|jj the radially outward area in the region sandwiched by these two surfaces is filled with 

£3 oil. Meanwhile, with the area toward the center being filled with air, a gas-liquid 

interface is formed along the way in the region sandwiched by the two surfaces. Due 
to the surface tension of the oil, the gas-liquid interface forms a meniscus whose 
contour dips radially outward. Because the gas-liquid interface is pressed radially 
outward under centrifugal force during rotation of the motor, a stabilized sealing 
function is produced. 

[0022] From the following detailed description in conjunction with the accompanying 
drawings, the foregoing and other objects, features, aspects and advantages of the 
present invention will become readily apparent to those skilled in the art. 

Brief Description of Drawings 

[° 02 ^ Fig. 1 is a sectional view schematically illustrating the configurational outline of a 
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spindle motor having to do with a first embodiment of the present invention; 

[0024] Fig. 2 is a sectional view schematically illustrating the configurational outline of a 
modified example of the spindle motor represented in Fig. 1 in connection with the 
first embodiment of the present invention; 

[0025] Fig. 3 is a sectional view schematically illustrating the configurational outline of a 
spindle motor having to do with a second embodiment of the present invention; and 

[0026] Fig. 4 is a sectional view schematically illustrating the configurational outline of a 
modified example of the spindle motor represented in Fig. 3 in connection with the 
second embodiment of the present invention. 

Detailed Description 

M» [0027] Embodiments of a spindle motor having to do with the present invention will be 

O 

p explained in the following with reference to each of the drawings from Fig. 1 to Fig. 4. 

m 

=P [0028] Figs. 1 and 2 are a first embodiment of a spindle motor, as well as a modified 
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example thereof, in connection with the present invention. The spindle motor having 
to do with the first embodiment of the present invention has a so-called rotary-shaft 
configuration in which the rotor hub and the shaft are supported to let them rotate 
with respect to the sleeve. In particular, the spindle motor having to do with the first 
embodiment of the present invention is furnished with a rotor hub 2 that retains 
recording disks (not illustrated) such as hard disks on a disk-mounting portion 2a, 
and a shaft 4 that spins together with the rotor hub 2. The shaft 4 is provided with a 
round-cylindrical spindle portion 4a and, continuous with the spindle portion 4a and 
jutting radially outward beyond the spindle portion 4a, a conic frustum portion 4b 
having a conical frustum shape. The conic frustum portion 4b is inserted within a 
conic-frustum-shaped cavity 8a corresponding to the superficial contour of the conic 
frustum portion 4b and provided in a round-cylindrical sleeve 8 installed in a bracket 
6. The upper-end portion of the conic-frustum-shaped cavity 8a toward the rotor hub 
2 is open. The open end of the cavity 8a is closed over by a disk-shaped cap member 
1 0 in the approximate middle of which is formed a round opening through which the 
spindle portion 4a is passed. Here, the cap member 10 is formed by a press-working 
process. 
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[0029] An annular rotor magnet 12 is fitted to the lower part of the disk-mounting potion 
2a of the rotor hub 2. Further, a stator 1 4 from which a plurality of iron cores stick 
out is installed in the bracket 6, wherein the stator 14 encompasses the outer 
circumferential side of the rotor magnet 12. In response to electricity passing into 
coils 14a wound onto the stator 14, an electric field is generated in between the rotor 
magnet 1 2 and the stator 14, whereby the rotor hub 2 is driven. 

[0030] A gap is formed in between the conic frustum portion 4b and the frustum-shaped 
cavity 8a, and oil is retained continuously within the gap without interruption. The 
circumferentially peripheral face of the frustum portion 4b heading from its upper to 
its lower face is an inclined surface that diametrically contracts into a taper, and on 
the inclined surface herringbone grooves 16 are formed. The herringbone grooves 16 
are formed oriented circumferentially on the frustum portion 4b, and, with their 



& midportion displaced off-center toward the lower end of the frustum portion 4b, are 

0 

p axially unbalanced in configuration. 

■P [0031] The herringbone grooves 1 6 are formed oriented circumferentially on the frustum 

ID 

yj portion 4b, and, with their midportion displaced off-center toward the lower end of 

n 

the frustum portion 4b, are axially unbalanced in configuration. 

E 

P 

08 [0032] When the shaft 4 spins together with the rotor hub 2, the herringbone grooves 1 6 
jpj induce dynamic pressure in the oil retained in the gap between the circumferentially 

P peripheral face of the frustum portion 4b and the confronting inner peripheral face of 

the frustum-shaped cavity 8a. In addition, the fact that the dynamic-pressure 
generating grooves have a displaced midportion heightens the pressure of the oil as it 
heads toward the bottom face of the cavity 8a. These components and factors 
constitute a dynamic-pressure bearing area 18. 

[0033] By configuring the dynamic-pressure bearing area 1 8 in this way between a pair of 
confronting inclined surfaces, dynamic pressure generated in the oil supports radially 
directed loads, and at the same time supports those loads directed axially downward 
among loads in the axial direction. Likewise, the pressure heightened by the 
displacement in the midportion of the dynamic-pressure generating grooves in the oil 
heading toward the bottom face of the frustum-shaped cavity 8a supports those loads 
directed toward the axially lower side among loads in the axial direction. That is, the 
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dynamic-pressure bearing area 18 makes it possible to take on singly both the 
functions of the radial bearing section and the thrust bearing section in conventional 
dynamic-pressure bearings. Here, in the illustrated embodiment an example is shown 
in which the shape of the conic frustum portion 4b is such that it tapers heading 
toward the bottom end of the frustum-shaped cavity 8a, but the shape can be the 
converse of this—rendered such that the outer diameter increases gradually heading 
toward the bottom end of the cavity 8a. 

[0034] Further, instead of the unbalanced herringbone grooves 16, the dynamic-pressure 
generating grooves can be rendered as spiral grooves 1 6a that act to force the oil into 
the bottom end of the frustum-shaped cavity 8a. This embodying example is 
illustrated in Fig. 2. Forcing the oil into the bottom end of the cavity 8a in this way 
yields bearing power in the radial direction; at the same time it enlarges the oil 
internal pressure along the fore end of the frustum portion 4b, therefore making it 
possible to generate sufficient axially directed bearing power that acts in the direction 
lifting the bearing. Here, for forming the dynamic-pressure-generating grooves in the 
dynamic-pressure bearing area 18, utilizing an electrochemical process is desirable in 
terms of the extent of the degrees of freedom in the form the manufacturing step 
takes. 

[0035] Another consideration is that the rotor hub 2 as well as the shaft 4 are affected by 
load acting axially downward (toward the bracket 6) originating from the weight of the 
rotary portions themselves, and load acting axially upward (lift-ward) originating in 
the spinning of the recording disks, and these axially directed loads acting in either 
direction must be supported by the bearing section. As noted above, load acting 
axially downward is supported by force acting in the lifting direction generated in the 
dynamic-pressure bearing area 18. Likewise, load acting axially upward is supported 
by displacing the magnetic center of the rotor magnet 12 somewhat axially upward 
with respect to the magnetic center of the stator 1 4. That is, the rotor hub 2 is 
magnetically biased by magnetic attraction in between the rotor magnet 1 2 and the 
stator 14 that acts axially downward. The force of attraction toward the axially lower 
end due to the magnetic bias, and the axially upward-acting lifting force generated in 
the dynamic-pressure bearing area 1 8 balance, whereby the rotor hub 2 as well as the 
shaft 4 are supported at a constant height. 
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[0036] In this way, the dynamic pressure generated in the single dynamic-pressure 

bearing area 1 8 alone, configured between the frustum portion 4b and the frustum- 
shaped cavity 8a, and the magnetic bias on the rotor hub 2, stemming from the 
magnetically attractive force acting in between the rotor magnet 12 and the stator 14, 
enable support of the rotation of the rotor hub 2 along with the shaft 4. Therefore, the 
number of dynamic-pressure bearing sections—which, given the high-precision 
manufacturing that they demand, has been a factor blocking the way to bettering 
production efficiency and lowering costs — is curtailed. 

[0037] Moreover, compared to the situation in which the dynamic-pressure bearing area 
is configured between the outer circumferential surface of a round-cylindrical shaft 
and the inner circumferential surface of a round-cylindrical sleeve, this configuration 
allows, in the same axial dimension, the dynamic-pressure bearing area to assume a 
larger breadth. 

Q 
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£P [0038] Further, the oil retained continuously without interruption in the gap formed 

«P between the frustum portion 4b and the frustum-shaped cavity 8a creates, within the 
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y axial gap formed between the undersurface of the cap member 10 and the upper 
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surface of the frustum portion 4b, a gas-liquid interface with the air. The gas-liquid 



Q interface extends approximately axially and partitions the gap radially. The fact that 

m 



the gas-liquid interface is thus created in a situation in which the oil-filled location 



fU occupies the radially outward side means that the gas-liquid interface is pressed 

Q 

fiy radially outward, i.e., toward the dynamic-pressure bearing area 1 8, under the action 

of centrifugal force during rotation. This strengthens the sealing function, whereby 
scattering of the oil to the bearing exterior may be prevented as much as possible. 



[0039] 



Herein, as illustrated, forming the undersurface of the cap member 10 to be 
sloped such that the gap it forms with the upper surface of the frustum portion 4b 
expands heading radially inward further heightens the sealing function. Wherein as 
illustrated the gas-liquid interface is formed in the tapering gap, because radially 
center-ward movement of the interface enlarges the interface surface area, such 
movement will not occur as long as at least the power that just overcomes the surface 
tension is not exerted. In other words, the sealing power will be heightened by the 
amount the surface tension is. Likewise, because the sloped undersurface of the cap 
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member 1 0 increases the gap volume, the gap may be configured to have a shorter 
radial dimension while still enabling it to deal with oil increase/decrease originating in 
thermal expansion. 

[0040] A round recess 8b is formed in the approximate middle of the bottom of the 

frustum-shaped cavity 8a, somewhat enlarging the gap between it and the frustum 
portion 4b. When oil is urged toward the bottom end of the cavity 8a by the pumping 
action of the herringbone grooves 16 during rotation of the shaft 4 together with the 
rotor hub 2, dust and like foreign matter from frustum-portion 4b or cavity 8a surface 
wear that is mixed into the oil is washed together with the oil toward the bottom end 
of the cavity 8a. This foreign matter eventually concentrates around the center area of 
the cavity 8a. If the foreign matter clumps and grows as large as the axial dimension 
of the gap in between the frustum portion 4b and the bottom portion of the cavity 8a, 
M* it will bite into either component and give rise to burnout. Accordingly, forming the 

o 

p round recess 8b in the location where the foreign matter concentrates keeps the gap 

®j from being enlarged and prevents scratching by the foreign matter. At the same time, 

fly because the foreign matter is captured within the recess 8b, preventing the foreign 
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g/j function. 
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nil [0041] Next, a second embodiment of a spindle motor, as well as a modified instance 

0 

py thereof, having to do with the present invention will be explained with reference to 

Fig. 3 and 4. Now in Fig. 3 and 4, portions whose makeup is the same as in the 
spindle motor of the foregoing first embodiment are labeled with identical reference 
numerals, and explanation thereof is omitted. 



matter from once more dispersing into the oil while the motor is stopped, the foreign 
matter may be kept from inviting further wear that would deteriorate the bearing 



[0042] 



Set out in Fig. 3, a spindle motor in connection with the second embodiment of 
the present invention has a so-called shaft-stationary configuration, wherein the rotor 
hub is supported to let it rotate with respect to a shaft that is fixed. In particular, the 
spindle motor having to do with the second embodiment is furnished with: a shaft 24; 
a round-columnar spindle portion 24a fixedly fitted into a mounting hole provided in 
a bracket 26; and, continuous with the spindle portion 24a and jutting radially 
outward beyond the spindle portion 24a, a conic frustum portion 24b. The conic 
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frustum portion 24b is inserted within a conic-frustum-shaped cavity 22b 
corresponding to the superficial contour of the conic frustum portion 24b and 
provided in a rotor hub 22. The lower-end portion of the conic-frustum-shaped cavity 
22b toward the bracket 26 is open, and the open end of the cavity 22b is closed over 
by a disk-shaped cap member 30 in the approximate middle of which is formed a 
round opening through which the spindle portion 24a is passed. Further, the rotor 
hub 22, which is free to rotate relative to the shaft 24, is furnished with a disk- 
mounting portion 22a onto which recording disks fit. Here, a round recess 24c is 
formed, as indicated by the dotted lines in Fig. 3, in the approximate middle of the 
upper face of the frustum portion 24b, somewhat enlarging the gap between it and 
the frustum-shaped cavity 22b. 

[0043] A gap is formed in between the frustum portion 24b and the cavity 22b, and oil is 
retained continuously within the gap without interruption. The circumferentially 
peripheral face of the frustum portion 24b heading from its lower to its upper face is 
an inclined surface that diametrically contracts into a taper, and on this surface 
herringbone grooves 36 are formed. When the rotor hub 22 spins, the herringbone 
grooves 36 induce dynamic pressure between where they are and the inner peripheral 
face of the frustum-shaped cavity 22b, which is the surface that confronts the 
circumferentially peripheral face of the frustum portion 24b. In addition, by means of 
their displaced midportion, the dynamic-pressure generating grooves heighten the 
pressure of the oil as it heads toward the surface in the upper end of the frustum- 
shaped cavity 22b, which is its closed-side end. 

[0044] By con fjg Ur j n g a dynamic-pressure bearing area 38 between a pair of confronting 
inclined surfaces, dynamic pressure generated in the oil supports radially directed 
loads, and at the same time supports those loads directed axially downward among 
loads in the axial direction. Likewise, the pressure heightened by the displacement in 
the midportion of the dynamic-pressure grooves in the oil heading toward the closed- 
side end of the frustum-shaped cavity 22b supports those loads directed toward the 
axially upper side among loads in the axial direction. That is, the dynamic-pressure 
bearing area 38 makes it possible to take on singly both the functions of the radial 
bearing section and the thrust bearing section in conventional dynamic-pressure 
bearings. Again, the rotor hub 22 is magnetically biased through magnetic attraction 
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in between the rotor magnet 12 and the stator 14 that acts axially downward. The 
force of attraction toward the axially lower end due to the magnetic bias, and the 
axially upward-acting lifting force generated in the dynamic-pressure bearing area 38 
balance, whereby the rotor hub 22 is supported at a constant height. 

[0045] Here, in the second embodiment represented in Fig. 3 an example is shown in 
which the shape of the conic frustum portion 24b is such that it tapers heading 
toward the upper end of the frustum-shaped cavity 22b, but the shape can be the 
converse of this. For example, as shown in Fig. 4, a conic frustum portion 244b 
provided on and continuous with a spindle portion 244a of a shaft 244 assumes a 
contour whose outer diameter increases gradually heading toward the upper-end side 
of a conic-frustum-shaped cavity 222b in a rotor hub 222. In this case, for ease of 
assembly, the configuration desirably is rendered by forming the rotor hub 222 such 

b that both ends of the cavity 222b are open, and after inserting the shaft 244, covering 

P 

Q the cavity 222b over with a disk-shaped cap member. A round aperture delimited by a 

ffi 

r : radially inward-protruding portion 222c, for insertion of the spindle portion 244a, is 

ft) opened in the bracket-ward end of the cavity 222b. Oil retained continuously in 

u 

p between the frustum portion 244b and the cavity 222b forms a gas-liquid interface 

* with the air, in between the upper surface of the radially inward-protruding portion 

CJfl 222c and the undersurface of the frustum portion 244b. 

m 

p| [0046] A spindle motor configured in this manner in connection with the second 
pij embodiment of the present invention, as well as the modified instance thereof, 

enables like actions and effects as with the spindle motor having to do with the 
aforementioned first embodiment of the present invention to be demonstrated. 

[0047] While the foregoing has described embodiments of a spindle motor having to do 
with the present invention, the present invention is not limited to these embodiments, 
and various changes and modifications are possible without departing from the scope 
of the invention. 

[0048] p or example, in the above-described embodiments, explanation was made taking 
as an example a configuration that magnetically biases the rotor hub 2/22 by 
displacing the magnetic centers of the rotor magnet 12 and the stator 14. Instead of 
that, however, it is possible to render the configuration leaving the magnetic centers 
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of the rotor magnet 12 and the stator 14 coincident, and magnetically biasing the 
rotor hub 2 by arranging a magnetic material in a location on the bracket 6 that 
corresponds to the undersurface of the rotor magnet 12, to generate magnetically 
attractive force acting in the axial direction. 

[0049] Likewise, the herringbone grooves 16/36 that are the dynamic-pressure- 
generating striations in the dynamic-pressure bearing area 18/38 may be formed on 
at least one or the other of the circumferentially peripheral face of the frustum 
4b/24b/244b and the inner peripheral face of the frustum-shaped cavity 
8a/22b/222b; whether to form them on either face or to form them on both faces can 
be a choice of convenience according to the ease with which the components are 
manufactured, the burden load supported, etc. 
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